We report the first realization of a reflective optical limiter, which transmits low-level radiation while offering broadband reflection for high-intensity beams. The design consists of a nonlinear lossy defect embedded in a multilayer photonic structure.
Introduction
Optical limiters are devices used for the protection of optical sensors from high-level incident radiation. The existing passive optical limiters employ properties of nonlinear optical materials, such as two-photon absorption or reverse saturable absorption [1] [2] [3] . These passive limiters absorb most of the high-level radiation, which causes their overheating and irreversible damage. In recent publications [4, 5] we have addressed this problem by introducing the notion of reflective optical limiters. These are photonic structures that block high-intensity [4] or fluence [5] electromagnetic pulses by reflecting them back to space, rather than absorbing them, while at the same time allow for high transmittivity of low-level radiation. The limiting action occurs within a broad frequency range and for an arbitrary direction of incidence. In this paper, the first experimental realization of a reflective optical limiter is presented [6] .
Discussion and experimental results
In Fig. 1a we show a design of a photonic crystal, which is one possible realization of a reflective limiter. A defect layer with high non-linear absorption around the wavelength of interest, but very low linear absorption, is embedded between two identical Bragg mirrors. If the incident electromagnetic pulse is at low intensity, the photonic structure displays strong resonant transmission at the frequency of the localized defect mode. As the level of the incident radiation increases, the nonlinear response of the defect layer becomes reveals itself. At first, the absorption coefficient of the photonic structure will grow. However, increasing the incident pulse above a certain threshold will eventually suppress the localized mode, along with the resonant transmission. This is illustrated by the field intensity distributions inside the structure as shown in Figs. 1(b, c) . For low incident intensity, corresponding to small imaginary permittivity (Fig. 1b) , the field intensity in the vicinity of the defect layer is much higher than that of the incident wave. In contrast, for high field intensities, corresponding to large imaginary permittivity (Fig. 1c) , the value of the field intensity at the incident boundary is much larger than the one around the defect layer. Thus, the defect layer is protected from overheating and damage. For the experimental realization of the photonic crystal, the optical materials used were those shown in Fig. 1 . Amorphous borosilicate glass was used as the substrate. Then a 264.8 nm thick layer of silicon dioxide (SiO 2 ) was deposited on the substrate, on top of which a 194.8 nm thick layer of silicon nitride (Si 3 N 4 ) was deposited. The process was repeated until six bilayers were deposited. After the deposition of the GaAs layer, the order of the dielectrics was reversed, so silicon nitride was deposited first, followed by silicon dioxide and a total of six more bilayers were deposited, resulting in a layered photonic crystal that is symmetric with respect to the GaAs defect layer. Using values of the refractive indices of SiO 2 and Si 3 N 4 from the literature, these thicknesses result in layers λ/(4n) thick, where λ is the center wavelength of the Bragg mirror photonic band gap, which is around 1620 nm for our structure.
In order to experimentally confirm that the proposed photonic crystal acts as a reflective optical limiter, we measured the transmission and reflection spectra of the structure simultaneously. The results are shown in Fig. 2 as power-dependent reflection and transmission coefficients. The range of the input peak powers used was from 4.24 GW/cm 2 to 46.3 GW/cm 2 . Within this input power range, the transmission coefficient on resonance decreases from its peak value of 0.41 to 0.026. The reflection coefficient at the same frequency increases from its minimum value of 0.24 at low input power to 0.98. These measurements are in agreement with the theoretical predictions of [4, 5] for a reflective optical limiter. No damage could be observed on the photonic structure after the measurements, thus indicating that it can provide continuous protection from high-level radiation. Fig. 1a versus the peak input power (the bottom horizontal axis) and the average input power (the top horizontal axis). The laser frequency is adjusted to coincide with the maximum transmission at the respective incident light intensity. At high input power, the layered structure becomes highly reflective within frequency range covering the entire photonic band gap. Such a behavior is characteristic of a reflective optical limiter.
